DIALYZING SYSTEM AND METHOD OF OPERATING THE SAME 
FIELD OF THE INVENTION 

[0001] The present invention relates to a dialyzing 
system and an operating method thereof. More particularly, 
the present invention relates to an improved dialyzing 
system of the kind wherein waste products are removed and 
ultrafiltration is performed from the blood by allowing the 
blood to come into contact with a dialysate across semi- 
permeable membranes, and to a method for advantageously 
operating such a dialyzing system. 
BACKGROUND OF THE INVENTION 

[0002] Recently, various kinds of blood purification 
have been developed and put into practical use to perform 
treatment of end-stage renal failure patients by purifying 
the blood drawn from the patient's body and returning the 
purified blood to the patients' body. For this end, there 
have been widely used a dialyzing system, which generally 
comprises a dialyzer adapted to allow a blood and a 
dialysate, which flow into the dialyzer and flow out from 
the same through a blood flow line and a dialysate flow 
line, respectively, to be brought into contact with each 
other across semi-permeable membranes (i.e., dialysis 
membranes) such as hollow fiber membranes of cellulose, 
cuprammonium rayon, polysulfone, polyacrylonitrile or the 



like; and an ultrafiltration unit for regulating inflow and 
outflow rates of the dialysate entering into and 
discharging from the dialyzer through the dialysate flow 
lines. 

[0003] In such a dialyzing system, the blood fed into 

the dialyzer is brought into contact with the dialysate fed 
into the dialyzer across the semi -permeable membrane in the 
dialyzer, thereby performing removal of waste products from 
the blood under the action of diffusion due to 
concentration gradients between the blood and the dialysate. 
On the other hand, excess water is removed from the blood 
through the semi-permeable membrane by ultrafiltration 
developing due to increase in the outflow rate of the 
dialysate from the dialyzer compared to the inflow rate of 
the dialysate to the dialyzer. The ultrafiltration unit 
regulates the inflow and outflow rates of the dialysate to 
and from the dialyzer. 

[0004] In general, when purifying the patient's blood 
with a dialyzing system, it is essential for safe 
extracorporeal circulation of the patient's blood to take 
all sorts of expeditious measures in response to 
fluctuation in a pressure of the blood returning the 
patient's body. For this end, such a dialyzing system is 
generally adapted to monitor such fluctuation in pressure 
in the blood flow line through a pressure-detecting line. 



This pressure-detecting line is connected at one end to an 
air chamber arranged in the blood flow line downstream of 
the dialyzer and at the other end to a pressure transducer. 
Moreover, an air filter is arranged in the pressure- 
detecting line. Thus, the pressure in the blood flow line 
downstream of the dialyzer is directly detected through the 
pressure-detecting line. 

[0005] The above conventional dialyzing system, however, 
has serious problems such that an inner wall of the 
pressure-detecting line, the pressure transducer and/or air 
filter are polluted with the blood flowing into the 
pressure-detecting line whenever air leakage takes place at 
the connecting portion of the pressure-detecting line and 
the pressure transducer due to loosening of engagement. 
Since it is general practice to use the pressure transducer 
and the air filter repeatedly and since perfect cleaning, 
sterilization or disinfection of these members is difficult 
because of their complex structures, patients treated with 
such dialyzing system are exposed to high risks for various 
infectious diseases. 

[0006] Therefore, before operating a conventional 
dialyzing system, it is needed to carefully inspect the 
pollution of the pressure transducer and the air filter 
arranged in the pressure-detecting line. If any pollution 
is found in these members, sufficient disinf ectious 



treatment must be immediately made, and such treatment 
makes the operation of dialyzing system troublesome. 
SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present 
invention to provide an improved dialyzing system, which 
makes it possible to monitor the fluctuation of a pressure 
in the blood flow line in a convincing way which is free 
from the blood flow line. 

[0008] Another object of the present invention is to 
provide a method of advantageously operating such a 
dialyzing system. 

[0009] The present invention is based on the following 
two findings; the pressure of the blood in the central part 
of the dialyzer is equal to the pressure of the dialysate 
when dialysis is performed without any ultrafiltration, and 
a pressure in the specified site of the blood flow line, 
such as the air-blood chamber arranged in the blood flow 
line downstream of the dialyzer, is related to the pressure 
of the blood in the central part of the dialyzer. This 
makes it possible to determine a pressure of the blood in 
the specified site of the blood flow line from the pressure 
of dialysate detected when the ultrafiltration is stopped 
during dialysis. 

[0010] According to the present invention, these objects 
are achieved by providing a dialyzing system comprising: 



a dialyzer; 

an ultrafiltration unit with which ultrafiltration is 
performed from the blood through semi-permeable membranes 
in the dialyzer by regulating an outflow rate of a 
dialysate from the dialyzer to become greater than an 
inflow rate of the dialysate to the dialyzer; and 

a pressure-detecting means arranged in a dialysate 
flow line to detect a pressure of the dialysate; 

wherein said system is adapted to determine a pressure 
in a blood flow line on the basis of the pressure of the 
dialysate detected by the pressure-detecting means at the 
time of temporary stop of ultrafiltration due to temporary 
stop of the operation of the ultrafiltration unit. 
[0011] Since the dialyzing system of the present 
invention has need not to provide a pressure-detecting line 
for detecting the pressure in the blood flow line. Thus^ 
there is no chance of leakage of the blood from the blood 
flow line associated with the leakage at the connecting 
portion of . the pressure-detecting line and the pressure 
transducer, which would often occur when the pressure in 
the blood flow line is directly measured through the 
pressure-detecting line. As a result, inspecting steps for 
the pollution of the apparatus by blood prior to the 
operation of the dialyzing system become unnecessary, and 
the time and labor spent for such inspection can be 



eliminated. 

[0012] In a preferred embodiment of the dialyzing system 
according to the present invention, the pressure .in 'the 
blood flow line is determined by a control system on the 
basis of the dialysate pressure continuously detected 
during ultrafiltration and a difference between the 
dialysate pressure detected at the time of temporary stop 
of the ultrafiltration and the dialysate pressure just 
stabilized after the subsequent resumption of the 
ultrafiltration . 

[0013] The difference between the dialysate pressure 
detected when ultrafiltration is temporarily stopped and 
the dialysate pressure just stabilized after subsequent 
resumption of the ultrafiltration is substantially equal to 
the difference between the blood pressure and the dialysate 
pressure measured when ultrafiltration is developing (i.e., 
transmembrane pressure) . Therefore, in the present 

invention, the blood pressure in the dialyzer when 
ultrafiltration is developing is continuously monitored by 
adding the difference between the dialysate pressure 
detected when ultrafiltration is temporarily stopped and 
the dialysate pressure detected when a steady state is just 
reached after resumption of ultrafiltration to the 
dialysate pressure at any given time during ultrafiltration. 
[0014] In a preferred embodiment of the present 



invention, such temporary stop of ultrafiltration is done 
at certain time intervals and/or whenever the 
ultrafiltration rate is changed; 

[0015] Thereafter, the dialysate pressure is measured at 
the point in time the dialysate pressure is just stabilized 
after the resumption of ultrafiltration, so as to calculate 
the difference between the dialysate pressure detected at 
the time of temporary stop of ultrafiltration and the 
dialysate pressure thus-measured just stabilized after the 
resumption of the ultrafiltration. Thus, even after the 
ultrafiltration rate is optionally changed, a correct 
pressure of the blood in the dialyzer can be. continuously 
monitored and/or displayed. 

[0016] The dialyzing system further may include 
monitoring means and/or display means which directly or 
indirectly monitors and/or displays the pressure in the 
blood flow line determined by the control system. The 
provision of such monitoring or displaying means 
contributes to improve . usability of the dialyzing system 
advantageously, which in turn ensures safer purification of 
the blood. 

[0017] Preferably, the dialyzing system is adapted to 
monitor and/or display a pressure of blood at a specified 
site of the blood flow line. Such pressure of the blood at 
a specified site of the flow line is determined on the 
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basis of the detected pressure of the dialysate and a 
pressure gradient from the central part of the dialyzer to 
the specified site, which is calculated from a flow 
resistance of the blood flow line and the blood flow rate. 
[0018] Therefore, the dialyzing system of the present 
invention can be advantageously operated while reliably 
monitoring the pressure at an optional site in the blood 
flow line without any risk for leakage of blood from the 
blood flow line or any problem caused thereby, such as the 
pollution of the dialyzing system due to contact with the 
leaked blood, or any increase in the number of steps of 
disinfection and inspection of the dialyzing. system in 
terms of pollution by the leaked blood. As a result, the 
extracorpreal circulation of the patient's blood and the 
purification thereof can be efficiently carried out in more 
safety. 

[0019] According, to the present invention, the dialyzing 
system is operated by a method including the steps of: 

temporarily stopping the operation of the 
ultrafiltration unit to equalize a dialysate inflow rate 
into a dialyzer and a dialysate outflow rate from the 
dialyzer; 

detecting a pressure of the dialysate, which is equal 
to the pressure in the blood flow line in the central part 
of the dialyzer, during every temporary stop of 
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ultrafiltration; and 

monitoring a fluctuation in the pressure of the 
dialysate as. a fluctuation of a pressure of the blood. 
[0020] The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings, which are given by way of 
illustration only. However, it should be understood that 
the detailed description and specific example, while 
indicating preferred embodiments of a dialyzing system of 
the invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will become apparent to. those 
skilled in the art from the detailed description. 
BRIEF DESCRIPTION OF THE DRAWING 

[0021] Fig. 1 is a schematic diagram of an embodiment of 
the dialyzing system of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0022] Referring now to Fig. 1, there is shown a 
schematic diagram illustrating an embodiment of a dialyzing 
system according to the present invention. In Fig. 1, 
reference numeral 10 denotes a dialyzer or purifier of a 
known structure used for blood purification, which 
comprises, for example, a cylindrical casing and semi- 
permeable hollow fiber membranes held therein. 
[0023] The dialyzer 10 is connected at one end thereof 
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to a blood flow line 12 for introducing the blood from a 
patient's body, and connected at the opposite end thereof 
to a blood flow line. 14 for returning the purified blood 
into the patient's body. In other words, the blood flow 
line is composed of the blood inflow line 12 for 
introducing the blood from the patient's body, the blood 
flow site in the dialyzer 10, and the blood outflow line 14 
for returning the purified blood into the patient's body. 
The blood inflow line 12 is provided with a blood pump 16 
to allow the blood to pass through the blood inflow line 12, 
the dialyzer 10 and the blood outflow line 14. On the 
other hand, the blood outflow line 14 is provided with an 
air-blood chamber 18 for removing the air involved in the 
blood from the blood passing through the blood inflow line 
12, the dialyzer 10 and the blood outflow line 14. 

[0024] Further, the dialyzer 10 is connected to a 
dialysate inflow line 20 for introducing a fresh dialysate 
from a tank (not illustrated in the drawing) into the 
dialyzer .10, and a dialysate outflow line 22 for 
discharging the waste dialysate from the dialyzer 10. Thus, 
the dialysate flow line in this embodiment is composed of 
the dialysate inflow line 20, the dialysate flow site in 
the dialyzer 10 and the dialysate outflow line 22. 

[0025] The dialyzing system further includes a 
ultraf iltration-regulating unit 24 of a known construction 



for regulating ultrafiltration rate and for regulating 
dialysate supply and discharge rates to and from the 
dialyzer 10. . The ultraf iltration-fegulating unit 24 is 
arranged in the dialysate inflow line 20 and the dialysate 
outflow line 22 to supply a fresh dialysate from the tank 
to the dialyzer 10 through the dialysate inflow line 20 as 
well as to discharge the waste dialysate from the dialyzer 
10 through the dialysate outflow line 22. The waste 
dialysate contains waste products and excessive water 
removed from the blood by diffusion and filtration through 
the semi -permeable membranes in the dialyzer 10. 
[0026] The above ultraf iltration-regulating . unit 24 is 
controlled by a control system 25 including a control unit 
26, a monitoring unit 30 and a display unit 32. The 
control unit 2 6 regulates the inflow and outflow rates of 
the dialysate passing through the dialyzer 10. 
[0027] When the ultraf iltration-regulating unit 24 
receives ultraf iltration-start signals sent from the 
control unit 26, it increases the outflow rate of the waste 
dialysate from the dialyzer 10 than the inflow rate of the 
fresh dialysate to the dialyzer, whereby allowing the 
dialyzer 10 to develop ultrafiltration from the blood as 
well as to regulate the ultrafiltration rate on the basis 
of a difference between the outflow rate of the waste 
dialysate and the inflow rate of the fresh dialysate. On 



the other hand, when the ultraf iltration-regulating unit 24 
receives signals for the stop of ultrafiltration from the 
control unit 26, it regulates the outflow rate of the waste 
dialysate so as to become equal to the inflow rate of the 
fresh dialysate, thereby stopping the ultrafiltration to 
make the ultrafiltration rate zero. As will understood 
from the above description, the ultrafiltration system in 
the above embodiment is constituted by the ultraf iltration- 
regulating unit 24 and the control system 25. The control 
system 25 includes control unit 26, which controls the 
activity of the ultraf iltration-regulating unit 24 
including ,the temporary stop of ultrafiltration. 
[0028] In this embodiment, the control unit 26, which 
outputs the ultraf iltration-start signal and the 
ultraf iltration-stop signal to the ultraf iltration- 
regulating unit 24, includes a timer unit of a known type. 
By clock signal of the timer unit, the control unit 26 
gives the ultraf iltration-start signal and the 
ultraf iltration-stop signal alternately to the 
ultraf iltration-regulating unit 24. For example, the 
dialyzing system is adapted to stop the ultrafiltration for 
just 30 seconds at every 5-minute interval. 

[0029] The dialyzing system further includes a pressure 
transducer 28 of a known type, which is arranged in the 
dialysate outflow line 22 or the dialysate inflow line 20 



and serves as a pressure-detecting means. The pressure 
transducer detects the pressure of the dialysate in the 
dialysate outflow line 22 or the dialysate inflow line 20. 
It is known that the pressure of the dialysate in the 
dialysate outflow line 22 or the dialysate inflow line 20 
is correlated with the pressure of the dialysate in the 
central part of the dialyzer 10. With the dialyzing system 
of the present invention, therefore, the pressure of the 
dialysate in the central part of the dialyzer is calculated 
from the pressure of the dialysate in the dialysate outflow 
line 22 or the dialysate inflow line 20. 

[0030] Further/ the . dialysate pressure in the central 
part of the dialyzer 10 is equal to the blood pressure in 
the central part of the dialyzer 10 when ultrafiltration is 
not performed. Therefore, the dialysate pressure detected 
by the transducer 28 is adapted to be continuously 
monitored by a monitoring unit 30 with a computing function, 
which converts the detected pressure to a value 
corresponding to a pressure at a specified site of the 
blood outflow line and displays the result on a display 
unit 32. 

[0031] Specifically, the dialysate pressure in the 
dialysate outflow line 22 or the dialysate inflow line 20, 
which has- a correlation with the dialysate pressure in the 
central part of the dialyzer 10, is detected by the 



pressure transducer 28 and input to the monitoring unit 30. 
On the other hand, the control signals (i.e., the 
ultraf iltration-start signal or the ultraf iltration-stop 
signal) , which are output from the control unit 2 6, are 
input not only to the ultraf iltration-regulating unit 24 
but also to the monitoring unit 30. By receiving the 
ultraf iltration-stop signal from the control unit 26, the 
monitoring unit 30 detects a point in time when the inflow 
rate of the dialysate to the dialyzer 10 is made equal to 
the outflow rate of the dialysate from the dialyzer 10 

(i.e., the point when the pressure difference between the 
dialysate pressure and the blood pressure is eliminated . in 
the dialyzer 10) . At this point in time, the monitoring 
unit 30 decides on the basis of the detected • signals sent 
from the pressure transducer 28 that the dialysate pressure 
at the central part of the dialyzer is substantially equal 
to the blood pressure at the central part of the dialyzer 
10. Thus, the monitoring unit 30 converts the detected 
dialysate pressure to a blood pressure in the dialyzer, 
which is monitored and displayed on the display unit 32. 

[0032] Also, by receiving the ultraf iltration-start 
signal from the control unit 26, the monitoring unit 30 is 
adapted to decide that the ultraf iltration-regulating unit 
24 resumes the ultrafiltration. Then, by monitoring the 
signal from the pressure transducer 28, the monitoring unit 



30 determines the pressure of the dialysate at the point in 
time when the signal input from the pressure transducer 28 
reaches stabilized level after ultrafiltration is resumed. 
This value of the dialysate pressure during ultrafiltration 
is compared with the value of the dialysate pressure 
measured just before the temporary stop of the 
ultrafiltration, so as to calculate the difference between 
them. On the basis of the resultant difference, the 
monitoring unit 30 calculates the blood pressure in the 
central part of the dialyzer 10 when the dialysate pressure 
in the dialysate outflow line 22 is just stabilized after 
ultrafiltration is resumed. Even after the pressure in the 
dialysate outflow line 22 has been stabilized, the 
dialysate pressure in the central part of the dialyzer 10 
is continuously determined so as to calculate the blood 
pressure continuously. The thus-calculated values of the 
blood pressure is continuously monitored by the monitoring 
unit 30 and displayed on the display unit 32 to monitor 
fluctuations in the blood pressure with time. 
[0033] When the control unit 26 receives a signal to 
change the ultrafiltration rate from a ultrafiltration 
rate-setting device (not illustrated in the drawing) , it 
outputs a signal for stopping the ultrafiltration before 
changing the ultrafiltration rate, in order to determine 
the dialysate pressure at the time when ultrafiltration is 



not performed. Then, the control unit 26 allows the 
ultraf iltration-regulating unit 24 to resume 

ultrafiltration at the new rate. Once the signals 
monitored by the pressure transducer 28 is stabilized after 
ultrafiltration is resumed, the dialysate pressure at this 
point in time is stored as the standard value of the 
dialysate pressure during ultrafiltration, and the 
difference is calculated between the dialysate pressure 
measured when ultrafiltration is stopped and the above- 
mentioned standard pressure during ultrafiltration as the 
difference between the pressure of the blood and the 
pressure of the dialysate in the central part of the 
dialyzer 10 (i.e., transmembrane pressure). The thus 
calculated transmembrane pressure is then used to determine 
the blood pressure in the central part of the dialyzer 10 
from the dialysate pressure at any given point in the 
during ultrafiltration phase. 

[0034 ] Preferably, the predetermined blood flow 
resistance . value of the blood flow line is stored in the 
calculating unit of the monitoring unit 30. In such case, 
it is possible to determine, by the calculation, not only 
the blood pressure in the central part of the dialyzer 10 
but also the blood pressure at any position in the blood 
outflow line, for example, at a position of the air-blood 
chamber 18 arranged in the blood outflow line 14. Thus, 



the dialyzing system of the present invention enables 
easier and more safe measurement of the blood pressure at 
an . optional . site in the blood flow line, which in turn 
provides more excellent usability. 

[0035] The display unit 32 includes a display unit of a 
known type (not illustrated) and displays the blood 
pressure transmitted from the monitoring unit 30. The 
fluctuation in the blood pressure with the time can be 
visually observed on the screen of the display unit 32. 
[0036] When carrying out the dialysis, the dialyzing 
system of the above structure is operated in the following 
manner . 

[0037] First, the blood pump 16 in the blood flow line 
12 is continuously actuated to perform continuous 
extracorporeal circulation of the patient's blood. At the 
same time, the timer unit included in the control unit 2 6 
is operated. Then, the ultrafiltration rate is first set 
to zero by adjusting the inflow rate of the dialysate to 
the dialyzer 10 to the rate equal to. the outflow rate of 
the dialysate from the dialyzer 10. During such zero- 
ultrafiltration phase, removal of the waste product from 
the blood flowing into the dialyzer 10 and replenishment of 
constituents required for the blood from the fresh 
dialysate to the blood are performed by diffusion of 
respective constituents according to their concentration 
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gradients between the blood and the dialysate, 
[0038] Then, the monitoring unit 30 detects a blood 
pressure, which is equal to the dialysate pressure when 
ultrafiltration rate is zero, on the basis of the dialysate 
pressure detected by the pressure transducer 28. After the 
dialysate pressure is detected by the pressure transducer 
and monitored by the monitoring unit 30 during the zero- 
ultraf iltration phase, an outflow rate of the dialysate 
from the dialyzer is increased to a value greater than the 
inflow rate of the fresh dialysate into the dialyzer 10 by 
the ultraf iltration-regulating unit 24. As a result, 
ultrafiltration is started in response to the difference 
between the inflow of the fresh dialysate flowing into the 
dialyzer 10 and the outflow rate of the dialysate flowing 
out from the dialyzer 10. After the dialysate pressure 
detected during ultrafiltration phase by transducer 28 is 
stabilized, the calculating unit of the monitoring unit 30 
calculates a difference between the dialysate pressure 
detected during zero-ultraf iltration phase and post 
stabilization dialysate pressure during subsequent- 
ultrafiltration phase, which is substantially equal to the 
difference between the pressure of the blood and that of 
the dialysate when ultrafiltration is developing (i.e., 
transmembrane pressure) . Then, the calculating unit of the 
monitoring unit 30 determines the blood pressure in the 



dialyzer 10 on the basis of the thus-obtained difference in 
the dialysate pressure between the zero-ultraf iltration 
phase and the subsequent ultrafiltration .phase (i.e., 
transmembrane pressure) . Further, the calculating unit of 
the monitoring unit 30 may continuously calculate the blood 
pressure at an optional point in the blood outflow line 14 
including a position of the air-blood chamber, taking into 
account of the flow resistance of the blood flow line and 
the blood flow rate. 

[0039] The determined value of the blood pressure is 
sent in the form of electric signals from the monitoring 
unit 30 to. the display unit 32 and displayed on the monitor 
screen. By monitoring the blood pressure displayed on the 
monitor screen, it is possible for an operator to know 
fluctuation in blood pressure with time. If an abnormal 
pressure change is observed, the medical practitioner 
investigates the causes for such a change and takes 
adequate action therefor quickly. 

[0040] If the timer unit . of the control unit 26 
indicates the time to stop ultrafiltration by checking the 
predetermined time schedule in terms of operation of the 
ultraf iltration-regulating unit 24, or if the 
ultrafiltration rate is changed during dialysis, the 
control unit 26 immediately outputs the ultraf iltration- 
stop signal and then determines the blood pressure in the 
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dialyzer 10, which is equal to the dialysate pressure 
measured by the pressure transducer 28. After that, the 
control unit 2 6 . sends a signal for ultrafiltration 
resumption to the ultraf iltration-regulating unit 16. When 
the pressure signal from the pressure transducer 28 is 
stabilized, the calculation unit of the monitoring unit 30 
calculates the difference between the dialysate pressure 
detected during the zero-ultraf il tration phase and the 
just-stabilized dialysate pressure during the subsequent 
ultrafiltration phase. Then, the calculation unit 

calculates the blood pressure based on the above pressure 
difference between the two phases (the zero-ultraf iltration 
phase and the ultrafiltration phase) and the dialysate 
pressure is monitored continuously after the dialysate 
pressure is stabilized during the ultrafiltration phase. 
The thus-calculated pressure on the blood side is monitored 
and displayed on the display unit 32. Thus, the operator 
monitors and checks an abnormal change in the pressure on 
the blood side, observing the display. If an abnormal 
change is found, the operator investigates the causes for 
such a change and makes an adequate operation. 
[0041] As described above, according to the above 
embodiment, the pressure on the side of the blood is always 
displayed on the monitor screen of the control unit 26 
while a patient is on dialysis, and therefore, fluctuation 



in the pressure on the side of the blood can be monitored 
at real time. Accordingly, the causes for an abnormal 
fluctuation can be immediately investigated and a treatment 
for such a fluctuation can be rapidly made. Thus, the 
hemodialysis treatment can be carried out more, safely. 
[0042] In addition, according to the above embodiment, 
the pressure on the side of the blood can be calculated 
from the pressure of the dialysate which is detected by the 
pressure transducer 28 arranged in the dialysate outflow 
line 22 or the dialysate inflow line 20. Therefore, in the 
dialyzing system of the present invention, there is no need 
to provide a pressure measuring line from the blood outflow 
line, which is indispensable to the .conventional dialyzing 
system. Accordingly, those dangers including pollution 
caused by the leakage of the blood in association with the 
troubles in the pressure measuring line are utterly 
eliminated in the dialyzing system of the present invention. 
[0043] The construction of the present invention which 
has been described above in detail is given as an 
illustrative example only, to which the scope of the 
present invention is not limited in any way. 
[0044] For example, while the dialyzer 10 according to 
the above embodiment is composed of the cylindrical casing 
which holds the semi -permeable membrane of hollow fibers 
therein, the structure of the dialyzer is not limited to 
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this in any way, and any of the known various structures of 
dialyzer included in conventional dialyzing systems can be 
employed. . 

[0045] In the above embodiment, regarding the pressure 
on the side of the blood which is calculated and monitored 
by the monitoring unit 30, the calculation factors to be 
inputted to the calculation unit can be any value and any 
equation, in so far as they are theoretically correct. For 
example, an equation for the difference in pressure of 
blood between the central part of the dialyzer 10 and a 
specified site of the blood outflow line 14 can be added to 
the calculation factors. It is apparent that by the 
equation, the blood pressure difference between the central 
part of dialyzer 10 and the specified site of the blood 
outflow line 14 can be calculated from the known blood flow 
rate and the flow resistance of the blood flow line, which 
is determined on the basis of the specific of the dialyzer 
10, the length of the blood flow line from the dialyzer 10 
and the specified site of the blood outflow line 14. The 
pressure in the specified site of the blood outflow line 14 
is calculated on the basis of the above difference between 
the central part of dialyzer 10 and the specified site of 
the blood outflow line 14. It is also possible to display 
the thus-calculated value of the pressure in the specified 
site of the blood outflow line 14 on the monitor screen- 
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[004 6] While the display unit 32 according to the above 
embodiment includes the monitor in which the screen 
displays a value of the pressure from the monitoring unit 
30, the above embodiment may dispense with such display 
unit 32, and a simple display lamp or an alarm informing 
that a value of the pressure has reached the predetermined 
value, may be used instead of the display unit 32. 
[0047] Further, the means for detecting the pressure of 
the dialysate is not limited to that of the above 
embodiment, and any of known devices having a structure 
detectable of the pressure of dialysate may be 
appropriately used instead of the means described in the 
above embodiment . 

[0048] In the above embodiment, the ultrafiltration unit 

is composed of the ultraf iltration-regulating unit 24, 
which regulates the inflow rate of the dialysate to the 
dialyzer 10 and the outflow rate of the dialysate from the 
dialyzer 10 under the control by the control unit 26. 
However, the structure of such ultrafiltration unit is not 
particularly limited, and any of known, structures may be 
optionally employed, in so far as the ultrafiltration can 
be made from the blood through the semi-permeable membrane 
in the dialyzer 10 by making the outflow rate of the 
dialysate from the dialyzer 10 to be greater than the 
inflow rate of the dialysate to the dialyzer 10. 
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[0049] For example, the ultrafiltration unit may be 
provided by composing the ultraf iltration-regulating unit 
24 so that the inflow rate of the dialysate to the dialyzer. 
10 and the outflow rate of the dialysate from the dialyzer 
10 is always kept constant, and separately providing an 
ultrafiltration pump which pulls out the dialysate from the 
dialysate outflow line 22 connected to the dialyzer 10, so 
as to perform ultrafiltration from the blood through the 
semi-permeable membrane in the dialyzer 10. 

[0050] In the above embodiment, the control of stop and 
resumption of ultrafiltration is performed automatically 
based on the counting by the timer unit included in the 
control unit 2 6 or on the basis of the timing for change of 
the setting of the ultrafiltration rate. However, such 
control may be manually made, using a simple switch or the 
lilce, thereby stopping or resuming the ultrafiltration. 
[0051] Even where the periodic stop and resumption of 
the ultrafiltration by the ultraf iltration-regulating unit 
24. is automatically controlled based on the counting by the 
timer unit included in the control unit 24, the time 
interval between the stop and the resumption of the 
ultrafiltration is not limited to that described in the 
above embodiment, and such interval may be appropriately 
determined according to other factors of a whole of the 
treatment by dialysis. 



[0052] Further, in the above embodiment, the control 
unit 2 6 includes the timer unit, and the monitoring unit 30 
includes the calculating unit. However, such timer unit 
and such calculating unit may be included in any of the 
units of the dialyzing system, in so far as sufficient 
functions can be performed in order to control a whole of 
the dialyzing system. For example, such units can be 
included in the control unit 26, the monitoring unit 30, 
the body portion of the display unit 32, and the like. 
Otherwise, such units can be included in units which are 
electrically or mechanically connected to the dialyzing 
system. However, the scope of the present invention is not 
limited by such a structure in any way. 

[0053] In the above embodiment, fluctuation in the 
pressure of the dialysate detected when ultrafiltration is 
stopped and performed is monitored as the fluctuation in 
the pressure on the side of the blood in the dialyzer 
and/or in an optional site in blood flow line. Whereas, 
for example, it is also possible to monitor only the 
fluctuation in the dialysate detected at every time when 
the ultrafiltration is stopped, as the fluctuation in the 
pressure on the side of the blood. 

[0054] Although specified exemplification is saved, it 
is possible to carry out the present invention in various 
modes including alteration, modification, improvement, etc. 
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based on the knowledge of those skilled in the art, and 
such modes are of course included in the scope of the 
present invention, in so far as they do not go beyond the 
gist of the present invention. 
5 [0055] As will be understood from the foregoing 
description, the dialyzing system of the present invention 
makes it possible to reliably monitor the fluctuation in 
the pressure in the blood flow line, and to thereby purify 
the blood in more safety. In addition, it also becomes 
10 possible to eliminate the chance of leakage of the blood 

m 

F from the blood flow line, which would be caused by troubles 

rg of the unit . for monitoring the fluctuation in the pressure. 

Q Therefore, advantageously, the portions with pollution due 

to the direct contact with the blood can be eliminated, and 
Q 15 the labor and time spent for inspecting such pollution 

ru 

prior to the operation can be very effectively reduced. 
[0056] Further, according to the method of operating the 
dialyzing system of the present invention, becomes possible 
to operate the dialyzing system in very safety and in 
20 advantageous manners while reliably monitoring the 
fluctuation in the pressure in the blood flow line, without 
any leakage of the blood from the blood flow line and any 
trouble caused by such leakage of the blood. 



